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A U Afuwape

On Lyapunov-Razumikhin approach to certain

A
\

;j/ third-order equations with delay
\

In this paper, we consider the asvmptotic stability for equations of the

e

(*) X" (1) + ax"(r) + bx'(t) + n{x(t),x(t-1)} = 0 —

form:

—Vvia the Lyapunov-Razumikhin approach. For the case vhen T = G; 2 Lyapunov
/funccion is constructed and conditions which reduce to the generalized Routh-
Hurwitz criteria for uniform asymptotic stability are obtained., The constructed
Lyapunov function is 2lso converted to a Lyapunov functional, This functional
is used to give necessary conditions on 2, b and h for which equation

is asymptotically stable.

/N

N D Alikakos

Invariance in the mearn in reaction-ciffusion

equations and applications

The system

u, = DAu + B(u) o] =0, RDecgMm (%)

u = col(ul,...,uN), B(u) = col(ul,...,uN), D = positive definite symmetric
N x N matrix, is naturally associated to the system of ordinary differential

equations

u, = B(u). | (%)

" that is positively invariant for (**) and the

Often there exists a set in KK
question is if this set enjoys similar invariance properties with respect to
(*). Ve restrict our a2ttention to sets

e = {z|6(z) ¢} , 6 R +R,

It is known that in general the set M® is not invariant for (*). This is in
the nature of things and it is a manifestation of strong coupling. Motivated

by this we introduce a new class of sets given by

M= [é:(::)l{2 6(E(x))dx s ¢} (m2) = 1) .

First we characterize the sets M° that are positively invariant for (*). The

essence of this characterization (which is variational in character) is that
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. . . 0 G(z .. . ..
the symmetrization of the matrix D{g;—ézll has te be positive semidefinite

. i .jl
for all z. This is a quantitative condition that relates the gecmetry of
the set and the diffusion matrix and in particular immlies that G 1s convex.

- . . C . .
We recapture the ccnventional invariance of M~ by considering the sets

1/p
3 <c}

ME = {E(x)/{ { 67 (E(x))ex
P (¢

(1%

: . . . c . .

and letting p = =« ., We characterize the sets M that are invariant for all
P

P and some c. aAs an zpplicotion we discuss the asymntatic behavicur of the

solutions cof
u, = DAu + [1 - <au,u>Ju |, A = positive definite symmetric.

Finzlly we menticn briefly some aspects of the corresnending thenrty of
invariance when in addition te (*) a set of linear conmservation laws has to

be satisfied.

A B Azz-m

Boundary value problems feor elliptic and

parabolic equations in domains with corners

The paper concerns initial - Dirichlet and initial - mixed boundary value

problems for parabolic equationms.
aij(x’t)ux.x. + ai(x,t)ux- + a(x,t)u—ut = f(x,t) ,
i73 i

X ® Xp,e.05X, M 2 2. We consider the case of nonsmooth boundaries and discuss
the smoothness of the soluticn up to the boundary.

The dependence of this smoothness upen the values of the "angles' on the
boundary is given explicitly. The case of the elliptic boundary value problem

is also investigated.

P W Bates

Bifurcation and stability of pericdic travelling waves

for a reaction-diffusion system

Consider the system
u Uyt k(1 - p)u - ¢1(6)v

(1)
v.=v__+k(l=-p)v+¢,(Bu, -nsxsm, t20,

- -

‘ . . N .
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where p and B are given by u = pcosf, v = psinB, ¢1 is smooth and

2n-periodic and k 1is a2 parameter.

Theorem For each nonzero integer j, if k > j2 and k ¥ sz - n2 for
n=1,1,...,2|3] = 1, then for ¢1 sufficiently sm21l (1) has a 2n-periodic
travelling wave solution which, in the u - v plane, loops around the origin

j times, Furthermore, if k > 5j2 - 1 then this solution is stable and if

k < sz - 1 it is linearly unstable.

H Behncke

The Dirazc equation with an ancmalcus magnetic moment I1

Though it is well known, that the electron possesses an ancmalous magnetic
moment, this term has not been considered so far in the mathematical investigations
of the Dirac equation 73,4,5,67, and it has at most been treated by perturbation
methods in the physical literature. Recent investigations ~f Barut 717 and this
author {2] wmake it desirable to study the interacticn due to the ancmalous magnetic
poment non-perturbatively, because this term is rather singular. This singularity
leads tc a number of interesting results. Most notable among these is the essential
selfadjointness of the Hamiltonian for almost all potentials and the small distance
behzviour of the wave functions. The essential spectrum of the Dirac Hemiltenian
is the main object of this paper. The investigations are carried out essentially

only for spherically symmetric potentials.

V Benci, A Capozzi and D Fortunato

Periodic solutions of a class of Hamiltonian systems

Let H ¢ C1 (R2n ,JR) and consider the Hamiltonian system of 2n ordinary

differential equations

(1) p=- Hq(p.q) R q = Hp(p,q)

where p and q are n—tuples and <« denotes é% . If R grows more than
quadratically (in a suitable way) in both the variables p and q, Rabinowitz
(cf. Comm. Pure Appl. Math. 31 (1978), 157-18&) has proved that for any T > 0
(1) possesses a nonconstant T-periodic solution.
Here we consider Hamiltonian functions of the type
H(p,@) = ] a;5(@)p;p, + V(@)
i)
wvhere [nij(q)] is a positive-definite matrix and V(q) grows more than
quadratically at infinity.

Under suitable assumptions on the growth of aij(q), we prove that for any

”
SOk, Agjill et st e e i i S it i
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; 1 Bihari
:
]

Distribution of the zeros of Bocher's pairs with respect to

second order hom.linear differential equations

As a generalization cf certain former results ({1]-{2]) some lower estimates

can be obtained concerning the distance of the zeros of the pairs

" ~
(1) ¢=¢1y—¢2 %; , W=wly-wﬂ %7 , o=/ wvhere y 1is a non-trivizl solution

of the equation (2) y"+p(x)y=0, =xe¢lcR, pecC(I), » > O.

P

Theorem Let us denote the zeros - if any - of ¢ by x. (i=0,1,2,...) and
—_— i
those of ¥ by x! (i=l,2,...) where O=x_<x!<x.,<x!<.., and define
i . R B
a(x) by a(x) = arcta 7 a(C) = 0. Assume furthermore
(3 ¢ppeC (D, {e,0,} 40,

1,wq} 0, {e,4l 40

(%) p=¢l¢é-¢2w1 <0, D= is,u1° - 41¢1,¢ }

(1L, =61, +9!

. 1
. £ YV = Lrat A ~ A ~ A N
where 10,,0.} = S(¢¢,=3,%,) + 2 e 174V ¢ TY0 )

C R A 4. " Ll b
+ ;7 (91*2+*2“1)‘2(¢1“1+¢2“2)
(5) Fvw) < £(ve- D), imsus G %)n , (i=1,2,...)

where f(x) = - T$%$T [{wl,wz} sin20+{¢1.¢2} cos2a]

and x=u(v) 1is the inverse of the monoteoniec function u=a(x), then

. T .
; T(xi) > im 3 1=20,1,2,...
(6)
.1 il .
T(xi) > (1 - i‘)ﬂ - 2 i=1,2,...
where
(o]

X
N T = -f DE:; [t),¥,), sin‘a(w+{s,,0,}  cos’a(w)du .
0

By an analysis it will be shown that the above conditions can be satisfied. '

1f ¢1-1, $,=0, ¢1-O, wzn-c , then T(x) reduces to f: 6(u)du., (See [11-7T21.)

{1] ; Elbert: On the zeros of solutions of crdinary second order differential
equations. Publ., Math. Debrecen 15 (1968) 13-17,

{2] 1 Bihari: Notes on the eigenvalues and zefos of the sclutions of half-linear
second order ordinary differential equations. Periodica Math. Hung. 7(2)
(1976) 117-125,

PO,




T R Blows

Limit cycles of polynomiai differential equations

The study of limit cycles of twe-dimensional autonomous differential equations
of the form

dx/dt = Pn(X,y) , dv/dt = Qn(x,y) ,

vhere Pn and Qn are pclvnemials of decree at most n, 1s a well known and
long-standing question.

Results are given for the cases n = 2,3 and 5 which have been obtained
using successive bifurcation of limit cycles from a critical peint. These so called
fine focus techniques require for their implementation the calculation of certain
large polynomials in several variables; these czlculations have been performed with

the a2id of 2 computer.

1
0
P
n
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~
]
in

For exampl:, in the case n = 3, a family o which have five small

amplitude limit cycles is ziven.

K J Brown

Multiple steady state solutions for nonlinear systens of

¢lliptic equations (Describing Interacting Penulations.)

i.

Let £ be z becunded region in R Solutions of the nonlinear system of

elliptic equations on

—dlAu f(u,v)u

]

~d,Av = g(u,v)u

correspond to steady states in which twe interacting speces u and v can
co-exist on- . It is assumed that on 32 = 0 and v(x) = ¢(x) 2 0. It is shown
that, if f and 2z satisfy hypotheses consistent with both populations being
self-limiting and the interaction being of predator-prey, competition or cooperation

type, then the equations can be decoupled and the existence of multiple solutions
investigated.

R C Brown

Perturbation invariance of the Dirichlet index

under minimal conditions

A nevw interpretation of the Dirichlet index for syrmetric differential
operators with positive coefficients under mininal conditions is developed. In
particular it is shown that the index is minimal if and only if a3 certain associated
vector valued operator is "linit-point™ and also that the index is invariant under

positive t-bounded perturbations. The results complement recent discoveries of

aliiassol ‘H‘~ RS S WA o -
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P _J Browne

Multiparameter Problems: The Last Decade

L Brili

A new 3bstract existence thecory for nonlinear

SchrBdinser and wave eguations

In 2naleogy to the method of Peanc for ordinary differential equations we
construct for the initial value proble~ of the nonlinear Schridinger and wave
equation in a Hilbert space sclutions by using their integral representation.

In this procedure we can do without Lipschitz-cstimates for the nonlinear part.

-

With a suitable notion of the integrzl in o Hilbert spoce and with a theorerm of

Ascoli-type for weak convergence wo pet local wez2k sclutions, which cculd be

continued te z global weak solutieon, if an a-pricri-estimnte 1s available. With

"

e

this the existence of stronr, gictal solutions can be proved easily.
Similar teo the theorem cof Pzanc we couldn’t guarantee the uniqueness of the
solutions.,
ros (On o New Class of Nonlinear
Wave Equations, J. Math. Anal. Appl., 69, 252-262 (1979)) and M Reed (Abstract
Nonlinear Vave Equations, Springer Lecture Notes in athematics, No 507, Heidelbere

(1976)) can be generalized.

J A Burns

Approximation of nonlinear neutral functional differential equations

I has been known for some time that a class of initial-boundary value:
problems for hyperbolic partial equations can be transformed to equivalent initial :
value problems for neutrzl functional differential equatinns. Neutral equationms ' %
also serve as models for certain problems in elasticity.

In this paper we motivate the study of necutral equations by briefly discussing

physical problems from elasticity znd lossless transmission limes that are modeled

by such equations. These equations are formulated as Cauchy problems in an appropriate f
Hilbert space, and approximation results from semigroup theory are employed tc develop
approximation schemes. Convergence results and a discussion of resulting numerical

algorithms are given. Spline based approxinmations are used to illustrate the thenry.




L Cattabrics

Results and problems on the Gevrev surjectivity of

linear differentizl cperators

In this lecture a sufficient condition for the cxistence of a solution u

. d, . n . . . . .
in 2 Gevrey space [ (R"), ¢ a rational number 2 i, n 2 2, to & linear partiel

differential equation with constant coefficiezts P(D)u f is preved when

d,.n - . . A8,.n . .

f e T'(R). Here D = (Dl,...,sn), _Dj = —10/Oxj, zné T7(R7) 1is the space cf
o< . - . T .

211 C complex valued functions f in R such that fer every compact set

. n . . X

K cR there exists a ccnstant c(K), dependent on £, such that

| 3
sup |DYE(x)]| < ey 1ot

T(d}a‘ + 1) for every multi-index a of nen-negative
xeK -

intepers. Socme cpen problems are discussed. B

P A Clarksen

A cennecticn formula for the second Painlevd transcendent

We comsider a particular case of the Sececond Tainlevd Transcendent

It is known that if y(x) " kAi(x) 28 x = ® cthen if 0 < k < 1

2

sin{z|x] - % d” fnlx| - ¢} as x -+ -

y{x) ~

where d(k) and c(k) are the connection formulze for this nonlinear ordincry
differential equation.
The lecture shows that

-1

a2(k) = - 7% gn(1-kd)

which confirms the numerical estimates of Ablowitz and Segur.

‘L Collntg

Inclusion thecrems for singular and free boundary value problems

D L Colton

The inverse scattering preblem fer

acoustic and electromagnetic waves

The inverse scattering problem under consideration is to determine the
physical properties of an obstacle situated in a homogeneous medium from a
knowledge of its effect on an incoming time harmonic plane wave. In particular

it is desired to determine either the shape or surface impedance of the obstacle
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from a knowledge of the far field pattern of the scattered wave. The basic

difficuley in trying to solve such problems lies in the fact that they are both

nonlinear and improperly posed. In this lecture we shall examine the following
topics: (1) The class of physically realizable far field patterns considered
as a subset of LZ(Q) where § 1is the unit sphere, (2) The uniqueness of

solutions to the inverse scattering problem, and (2) The stabilization of the

inverse scattering problerc and its reformulation as 2 prcblem in constrained

optimization. Problems that are in need of further investigation will be

discussed.
!
J Donir i
Positive eigensolutions and the lower spectrum of
Schridinger operators
n
Let £ be a demain in 1R (z: 2 2), let q@ be a real-valued neasurable

function on £ , and let
T:=-4+4q
Furthermcre, suppose that q satisfies a local Stummel conditicon and is such

that the minimal SchrBdinger operator

T =1 CAD)
(o] Q

in LZ(Q) 1s bounded from below.

We prove, for appropriate values of X , that the SchrBdinger equation
Tu = Au :

has a weak sclution which is positive almost everywhere. 1In addition, we give a

criterion when an o-sectorial extension T of To has a finite lower spectrun.

N X Ding !

Essential self-adjointness and self-adjointness for

generalized Schrbdinger operators

Consider a formally self-adjoint operator of the form

Tro<lal {8l sm D ol auB(X)DB +q(x) on LIRY. 3 |

General assumptions : ;

1. Uniform strong ellipticity for T,

2. g€ cmax (lal , [B)) (gny
3. The conditionqlfor Ggrding's inequality hold for P =T - q,

.../continued

il .. it ' 4;.‘- i ! W - e




Theorem 1 If q 1is measurable and locally bounded, and q(x) 2 -q*([xl),
where q*(r) is monotone non-decreasing in r > 0, and q*(r) = C (r2m/(2m-1))

as r = +» , then T 1is essentially seif-adjoint on C:(Rn).

Theorem 2 Suppose 8.8’ with jaj + || < 2m, has bounded deriva:.ves up to
order m, then there exists a positive constant C, depending on n, m, the

ellipticity constant, the moduli of continuity of 2.0 witk |af = |8] = m,
leYaaslle with o] + |8] £ 2m and |y! < max (jal,|8]), with the following
property: 1'4'!(1!

If q21 and for 0 < {a] < m, {DA(x)}! £ C q(x)

adjoint with domain D(T) = H®(R™) ~ D(q).

, then T 1is self-

M S P Eastham

Asvmptotic analysis for a2 critical class of

fourth-crder differcntial equations

The asymptotic theorv of the eguction

e .
(xcy")" - b(x"y")' + cx}y =0  {x o«

presents difficulties when v = € - 2. 4 partial analysis of this case has been

made using o number of ad hoc methods. When o =

o)

, the most complete results
are those of Paris and Wood, who solved the equation in terms of eenerali ed
hypergeometric functions. In this lecture, the powers of x are replaced by
general coefficients p, q, r and a general asymptotic theory is developed. 1In
this theory, the case where (qr)'/(qr) ~ (consc.)(r/q)i corresponds to

Y =8~ 2 and is shown to occupy a critical position. The asymptotic results
which are obtained for this critical case substantially cover the previous ones

derived froom the ad hoc methods for the powers of x coefficients.

D E Edmunds

Entropy numbers, s-numbers and eigenvalues

The lecture will survey recent developments in the theory of bounded, not
necessarily compact, linear maps écﬁing in a Banach space, emphasis being placed
upon the connections between geometric quantities, such as the entropy numbers of
such maps, and more aﬁalytical objecﬁs, such as eigenvalues. Connections with

eigenvalue problems for elliptic operators will be stressed.
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L Elbert

Oscillation and nonoscillaticn thecrems for 2

half-linear second crder differential equation

We consider the orcdinary second order differential equation of the form
*

*

‘ ny' n
(*) ((x') ) + ng(t)x = 0

*

. . .o - . no.

where the number n  1s positive and recl, the pwoer function u denotes the
. n . , . . . .

function !u| « sign v, and q{(t) 1is continuous on the interval 'to,w).

The classification of this cquaticn inte oscillatory and nenoscillatory classes

is possible. We give several criterie for deciding this classification. As
examples we show some in the simplest situation.

The relation

T
lim J q(tf)dt = =
Tec ¢

g

inplies the oscillation cf the scolution cof (*).

If the function

is bounded, and lim sup H(T) > 1lim inf H(T) , then the equation (*) is

T T
oscillatory.
If this function H(T) has a2 finite limit C and
n+l
! F =
[ lc-] qmyar dt
t t
lim sup 0 0 >0
T-reo T

then (*) is oscillatory.

W D Evans !

On the distribution of eigenvalues of SchrBdinger operators :

Let f be an unbounded domain in Rn, n 21 and let F be a tesselation
of R" by closed cubes Q with disjoint interioré (but nct necessarily congruent).
let q be a real-valued function in Lioc(n) for some s in [n/2,=] ifb n 2 3,
in (1,2} if n =2 and in [l,2] if n =1 and suppose that with the notation

-1 -1 .
qQ = |q] é q and p9 = YSIQI /sllq’qQIILs(g) (where Y, 1s the norm of the

1,2

embedding of W'4((0,1)) in L2/571((0,1)") and |Q| is the volume of Q] we

- sup ”91—1/5|IQ_H1SM\} <o, 0:= inf {q\-p.} > = I
- . ‘j ! . . - . ] oy . P .

e m ot e+ et

have
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5
and &:=sup [’Ql°/npcj < 1. Then the Dirichlet operator T defined by the form

QeF

. 2 . .. . . .
of =f8+q in L7({) 1is a self-adjeint opcrator whose spectrum lies in (8,w)

and essential spectrum in & ,=), where
<
Ge = 1lim inf qu-CQ! s
1% |
Q
-~

xg being the centre of Q. For X < &  we have that N(3,5), the number of

. A=
eigenvalues cf T less than X, setisfies

. -0, ) -n (n-1)/n. 1/n
N{(A, D ~w (27 Al < = nd o (27 + O( W + 1
l LA, ) n( | I 2 : n(“) U( 0 ‘O)

. . .« . £ . . - - Tt ’ ool A/2 -

where w_ = 1s the velume of the unit bail in R, A = 2 ‘Q{()—QC) and X
: o <5 ¢
Q
is the number cf cubes Q 1in 5 f{for which qQ-stl. This generel result can
be specizlised tc give asvmpteotic results in the preoblem vhen gy} - & (wWhen 7T
has a whelly discrete spectrum) and A= znd zlsc in the preoblem when o{x) =~ C
. . . . <5 - - . R
[when f0,=) lies in the essentizl spectrum of 1) anc A > 0=, Moroover,
. . -n .n/2, _a N . .

results concerning N(O,R') when ¢ ¢ L (R), n 2 3, can be ohtaincd, analaprus
results hold when T 1s the Neumann operator defined dy the ferm of -A+4g in

L2,

VI N Everitt

Two examples cof the Hardv-Littlewood tvpe of integral inequalitiés

This lecture reports on joint work with W D Evans and W K Hayman.

The integral inequalities are of the type

-+b b b
[ fiple | %+alel® )% <k [ wle]? [ el (D) + qf) |2
a a a

where p,q,w : La,b) # R, p-l,q,w € Llocfa,b), w(x) > 0 for 2lmost all x ¢ Ta,b),
and f : [a,b) = C 1is chosen so that the integrals on the right-hand side are
convergent, If p,q,w are suitably chosen the integral cn the left-hand is finite
but may only be conditionally convergent; hence the notation -b,

The following examples, which are important in‘the general theory cof the

inequality are considered: ‘ ‘
(i) a=0 b==o p(x)=wkx)=1 gqx)=-x (x € [0,@))
( j{lf'(x)l2 - x f(X)Iz}dx)Z < K f]f(x)lzdx JIE (x) + x £(x) | ax
(¢} o . 0
(ii) a=0 b= p(x)=wx)=1 qx)= x2+1 (x € [O,m))

(U ]2+ B e | Dan)? s K [1£00 [ 2ax []-£7(0 + x2+1)£(x) | %ax.
(0] 0 C
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P C Fife

Laminar flame theory with multiple reactions

The problem of determining the structure and velocity of plane flames is
formulated. The standard high-activation-energy approach for a single one-step
reaction is revicwed. ‘‘ultiple-step reactions are then ciscussed under the
assumption that the various activation energies are either large or zero. The

possibility of many flame types for 5 given reaction wmechanism is brought our,

~:

£f fusion of the reacting species.

XN
]
'
o]
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Singular numbers of operators of Schridinger tvpe

with ccmplex potentisls

acjcint cperators of Sehrbiinzer <vier for cxemple we obtain an cstimate for
vvr -
the eigenvalues of H B when H = -2 -~ ¢, vith ¢ compliex valued functiorn,
. . . n
is defined on I unbounded domain in I,

C T VYulton

Some limit circle elpenvalue problems and asvmptotic

formulae for eigenvalues

This lecture will report on recent work with F V Atkinson on asyuptotics
of Sturm~Liouville eigenvalues for singular problems involving limit circle
endpoints. Asymptotic formulac for eigenvalues and eigenfunctions of
-v" + qy = Ay are well known for problems having regular endpoints, but
considerably less is known when one endpoint is singular.

For the case of the half line [0,®) with the L.C. case at «, asymptotic
formulae for the positive and negative eigenvalues, showinr their dependence on

the parameter indexing the boundary condition at =, are obtained under assumptions

on q which are general enough to include the casc:

(1) ql(x) = " y, 2<a e,
and
(2) qz(X) = - , a>0.

For the case of the finite interval (0,b]}, asymptotic formulae for the
positive eigenvalues are obtained when x = 0 1is nonoscillatory under assumptions
on q wnhich are general enough to include the nonintegrable case

C
(3) q3(x)=--, lsa<?2, Ce (~»,o,

XO.

IrnantinnocAd
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Also, for the case of (0,b], asyoptotics for the positive and negative
eigenvalues cre obtained when x = 0 1is oscillatory under a2ssunptions on g

which are general enough to include the stronzly noninterrable case

(%) _ : qa(x) = - f% , 2<ac<e
Z

The case @ = 2 1in (3) splits into three czses denending on whether
Ce (==, - 1/4), Cec -1/4, 3/4), or C e 1374, «) and asvmptotics for
eigenvalues are availzble froo Bessel functions.

For the first protlenm, these results im;fcve results cf A G Alcenitsvn,
Differential Lquations 12, No 2, 298-305 (1977) (Differentsicl'nye Uravneniya i,
No 3, 428-437 (1976)). Previous work, abtainine density results for the positive
and negative spectrum, has been done by P Heywood, Proc. London Hath. Soc. (3) 4,
456-470 (1954), and V P Belogrud and A G Kostyuéhenkc, Usp. Mﬁt. Nauk, 28, No 2,

227-228 (1973).

I ™ Gali

Optimzl control of svstewms governed by

elliptic operaters of infinite order

In the present paper, using the theory of O L Lions ve find the set of
inequzlities defining an optimal control ci svstems soverncd bv elliptic operater
cf infinite order. The questions treated in this paper are related te a previnus
result by I M Gali, et al,, but in different direction, by taking the case of

operators of infinite order with finite dimensicn.

M J Goldstein and R L Sternberg*

On a2 new numerical method for a new class cof nnnlinear parti=al

differential equations arisinz in nonspherical seometrical optics

The surfaces S : z = z(x,y) and §' : z' = z'(x",y') of certain classes of

optical, radar, and sonar lens antennas satisfy equations cf the form

E. F 3(z',y") = F' a(x',y")
ax ’ 3(x,y) a(x,y) ’
S: S: (1)
_a_z. =G . a(x'-.,z') = G' —————a(x"y')
dy ’ a(x,y) a(x,y) '’

syrmetry conditions of the form

z(~x,y) = z(x,y), z2'(=x',y') = 2'(x',y"),
z(x,~y) = z(x,y), z'(x',~y') = 2" (x",y"),
and boundary conditions of the form

z(x,y) = 0 and z'(x,y) = 0,
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. 2,2 2 2, 2
cn the ellipse: T: (x /bc cos wo) + (y /b;)= 1.

A new numerical nmethod cf solving the protlen consisting of (1), (2), and
(3) is presented and the results are compared with known earlier solutions.

Applications to radar and sonar are briefly noted with appropriate references.

w

R Grimer

Weak solutions of inteprodifierential eécuctions and apolications

The integrodifferential equation

t
x'"(t) = Ax(t) + f B(t-s)x(s)ds + £f(t)
o

x{0) = XO e D(A)
is studied in a Banach space X . It ic assumed that A and B(t) are closed

operaters with dense domain with the domain of

ot
rt

{t) containing the domain of A.

The concept of weak soluticn is defined and it is shown that under mild assumptions

o B(t), there is a werk solution for every x. ¢ X if and only if there is a

G
"resolvent operator” R{t). As an application it is showrn that
t
I
J R(t-s)f(s)ds
o

is a solution if and only if it 1is differentiable.

D B Hinton

Titchoarsh's A-dependent boundary conditicns for Hamiltonian systems

A linear Hamiltonian systenm J;, = [AA(X) + B(x)]; is considered on an
open interval (a,b) where both a and b are singular points. The coefficients
A(x) and B(x) are assumed to be locally Lebesgue integrable with A(x) 2 0 and
B(x) = B(x)* ¢ J = ? —é where I is the n x n identity matrix. By considering
a singular Green's function defined as a limit of regular Green's functioms, it is
proved that solutions of the differential system defined by the Green's function
satisfy Titchmarsh's A-dependent boundary conditions at the singular points. A
formula linking the Titchmarsh-Weyl matrix m-coefficient to certain square integrable
solutions is established. These results are developed for the cases where the number
of square integrable solutions of the Hamiltonian system is either maximal or

minimal.

vy ————
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F A Howes

Exterior boundary value problems for

perturbed equations cf elliptic tyre

The existence and the asymptotic behaviour of sclutions of Ycundary value
problems for the elliptic equation € V2 u = é(g,u). Y u + h(x,u) as € =+ 0 are
considered in unbounded regions in ZRN. It is shown that by working within a
class of functions that have a restricted growth at infinity, the problem can be
studied effectively with the aid of compariesn arguments znd sone recent results
of the speaker on related problems in bounded rerions. The theory nresented here
extends the linear theory of Mauss te nenlinear coperaters, and it clarifies sope
of the questions he ruised concerning the existence and the lacation of free

boundary layers.

R 1 Jewetrt

Eizenfunctions and power functions

Lo

There 1s a class of special functiens assrciated with cach diﬁferential
operater of the ferm L = aDz + BD , where a and £ are real-valued analvtic
functions on an open interval I, a 1is zer~ at preciscly cne point, and £/a'
is positive at that point. -

Tnhe special functions determined hy D on the real line include the
eigenfunctions, fc(x) = ecx, and the pcwer functions, wn(x) = x". There are
analogous functions determined by the operator L1 onm the interval 1. The
eigenfunctions and the correspondingiex5ansions are well~known. We shall discuss
the power functions of L and the corresponding expansions. These expansions

have the form of Taylor series.

H Kalf

Virial theorems in quantum nechanics

For a large class of potentials q : R' + R it is well known that an

eipenfunction u of the SchrBdinger operator -A + q (suitably defined in

Lz(Rn)) satisfies the so-called virial theorem
(1) 2{(u, A u) = (u, x Vqu).
Adding 2(u, q u) on both sides yields

2 2 uli? = (0, (x 9 q + 2q)u)

wvhere A is the corresponding eigenvalue, We prove (2) for a class of strongly
singular potentials q where the right-hand side of (2) is now to be interpreted

merely as a short-hand for

s U S
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and not as 2 scalar product between functions Lz(mn). Since there may be
cancellations between the sinpularities of x V g and those of 29 , (2) is no
longer equivalent to (1).

The consequences of (1) or (2) fer the spectrum of -4 + g are discussed.
Tt is then shown that a “lecalized" version of relationship (2) provides a unifying
basis for the three main approaches to proving absence of Lz-solutions of the
Schr¥dinger equation which can bLe associated with the names of Kate, Agmon and
Eidus and Roze.

]

E G Kaper and 4 Zettl

Linear transport theory eond an indefinite Sturm~Liouville problen

Linear transport processes occur whenever particles neve in a host mediur,
arryin-~ mass, momentum, and enerpgy frem one peint of the medium to another.
Mathenatical models of such transport trecesses invelve fwe onoriators, one
accountiny for free streamins of the parcticles, the ¢ther Inr Interactions between
the particles and the ateoms or melecules of the surrcunding hest medium.,  We
investipate 2 time-independent c¢lectron transport problem, wvhercthe frec streaming
operator is the oultiplicative coordinate cperater in Lz(—l,l) and the interaction

operator is the lLegendre differential cperator.

R M Kauffman

On non-~normalizable eigenfunctinn expansions for

ordinary differential operators

The Gelfand-Kostyuchenko theory of generalized eigenfunction expansions
deals with the representation ¢ = ffm c(l)fxd(pkf,f) , where c¢fd) = EA(¢),
where f 1is a cyclic vector for a subspace containing ¢ , where Py is the
spectral measure for a self-adjoint operator H, and where fk is a generalized
eigenfunction of H for each X. If H is a2 sclf-adjcint operator in L2(R)

associated with an ordinary differential operctor L, then f, 1is a function

A
and LfA = Afx . While fA need not be square-integrable, the Gelfand-Kostyuchenko
theory nevertheless gives some information about the growth of f, at infinity.

A
Although certain portions of the proof of this representation as given in

Gelfand-Shilov, Vol. 3, are difficult to follow, a different argument may be given
to establish the representation. In this talk, we specialize to the case where H
is an ordinary differential operator, state the representation theorem carefully,
and apply it to give some new results about self-adjoint ordinary differential

operators in L2(-~.w) and their associated unitary groups.

|
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M Kisielewicz

Existence of solutions of functional ceneralized

equations of nautral tyoe

Existence of solutions of functional-differential equations of the form
(1) x(t) = F(e, x(-), ()} ,

where F is multivalued mapping taking its values in the space of all nonempty
compact subsets of Rn, was investigpated in the author's paper (Journ. Math. Anzl.
Appl., 1980) by the assumption that T 1is strengly Lipschitzean with respect to
its third variable. It is the aim of this lecturc to present the existence
theorem for (1) by the assumption that F sstisfies the Caratheodory conditions

and is Lipschizean with respect to its third variable.

R E Kleinman

Recent developments in modified Creen's functiens

Boundary integral equation formulations of exterier problems for the
Helmholtz equation derived either by Green's theorez or a laver anzatz are known
to be 111 posed at certain characteristic or irregular valucs of wave number. By
modifying the Creen's function it was shown by Jones and Ursell that these
irregular values may be suppressed. Subsequently it wes shown how to modify
the Green's function so as to best approximate the actual Green's function for
the particular problem in the least squares sense for both Dirichlet and Neumann

boundary conditions. In-the present paper we show how to modify the Green's

function so as to minimize the norn of the modified integral operator and also

discuss that modification which minimizes the condition number of the modified
operator. The relationship between these various modifications is explored.

In addition applications of these methods to the Robin problem is described.

H W Knobloch

Some recent aspects ind developments in control theory

The increased efficiency of computer hardware is an incentive for the systens
enginee; to consider problems of a pore and more complex mathematical nature. The
lecture will deal with some of these problems which can be formulated by ermployinge
state space nmodels, i.e. by describing the system in terms of (linear) ordinary
differential equations., The state space approach is in particular used for the
basic problem in control theory, namely for the design of feedback control laws. The
crux of the design problem is the variety of objectives which one wants to achieve

at the same time.

. Q . - A——n--ill...III..llllﬂll-iﬂli---“
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The lecture will be an attempt to look on the problem of modern feedback
design fron the mathematician's viewpoint. In addition some recent developments
r in nonlinear systems theory will be touched upon. These may provide new aspects

! for the design problem using models described by nonlinear differential equations.

I Knowles

Eipenvalue problems ané the Riemann zete function

“In this lecture we censider scme recent werk relatin~ to the problem of
constructing an einenvalue problerm, the cizenvalues of which include the complex

zeros of the Riemann zeta-function.

M A Kon

Superpositicn principles ond peintwise evaluation of

Sturm-Licuviile cicenfuncticn expansions

Given a2 Sturm-Licuviile eigenfunction expansion f(x) ~ z a uq(x) (either
n nor

resular or singular), and ¢()X) such that ¢(0) = 1, the expansion is ¢-surmable
in a given (pointwise or Lp) function topology if lim 1 u (x)6(en) = f(x).
S 'nn '
e~ n

This has been studied classicazlly as well as in mere recent integral (continuous
specrum) formulations. We illustrate some powerful appliceations of the super-
position principle of summability, i.e., that if the expansion is ¢1—summab1e and
¢2-summab1e, then it is G1¢1 + uzéz-summable if al + a, = 1. If ¢ 1is analytic
and satisfies some minimal constraints, we use the representation of ¢ via Cauchy's
theorem along with sc-called resolvent surmability to prove that the expansion of f
is ¢—summable in LP (1 € p < ®) and pointwise on the Lebesgue set of f. In order
to consider 0 ¢ C"(R) we similarly use the Fourier and Mellin integral

representations of ¢. We remark on extensions to higher order operators.

A M Krall

Differential equation with orthogonal polynomial eigenfunctions

In this paper, we develop the eipenfunction expansion theory of a self adjoint
operator generated by a symmetric sixth order differential equation L6(Y) = dy.
This differential equation has regular singular points at x = *1 and we show that
we are in the limit-5 case. This means that two boundary conditions are needed at
#1 to ensure a well-p-sed boundary value problem. Not many examples are known of
such higher order singular differential equations. The example that we give is
interesting because the eigenvalue problem L6(y) = )y has a sequence of polynomial

solutions that are orthogonal on [-1,1] with respect to the weight distribution-

w0 =L sxe1) + 3 6(x-1) + C.

s
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K Kreith

Qualitative theorv for hvperbolic partial differential equations

Motivated by the well developed theories of oscillation and asymptotic
behaviour for u" + f(x,u) = 0, correspending guestions will be considered for
characteristic initisl value problems associated with u  + f(x,y,u) = 0.

v

Several known oscillation criteria for the existence ¢of solutions which remain

bounded for large values of x and y.

¥ K Kvony

Second order linear and neonlinear cscillation results

We are interested in cenditions that puarantee thet 211 sclutions of the
second order equation: x"(t) + q(t)x(t) = 0, or more penerally of the nonlinear
Emden-Fewler type equaticen: x"(t) =+ q(t)!x(t){Y sgn x{(t) = {0, have an infinite
number of zeros on the half line t 2 O,

The lincar theory is more complete. Ve leok at

—~

W), an indefinite intenral

of q(t). The concept of asymptotic constancy (noncenstancy) 1is inrroduced. The

main result 1is:

THEOREM Under a further wmild beunded-belowness condition on Q, if Q 1is
asymptotically ncnconstant, then the sclutions of the ‘inear second order equation
are oscillatory. 1If however {Q 1is asymptotically constant, most cof the classical
oscillation techkniques can be extended with minor medifications.

Similar approach in the nonlinear theory yields results much better than

existing ones.

Another simple but extremely useful new result in the linear theory is a
telescoping principle. Roughly speaking, by cuttinz cff parts of {0,@) in which
Q 1is negative we only increase the oscillation,

The above are partly joint works with Professor A Zettl and partly joint

works with Professor James S W Wong.

H Lechoslaw

On application of the method of the partition

of the unity for integral equatieons

Some initial-boundary value problems for 2 number of differential equationms
of physics, mechanics and technology are reduced te intepgral equations (e.g.
potentizl's and Fourier's'pfoblens).

In this lecture a certain method based on the partition of the unity on
compact manifold is proposed.’ )

The considerations are introduced in the-class C and LP.

i
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R T Lewis

A coumparison theorem for cuasi-accretive operators in a Hilbert space

Let T: H-+H be 2 linear operator in the Hilbert space H with a domain
D(T) that is demse in H. If the numerical range, {(Tu,u): u e D(T), [lull= 1}, i

of T 1is a subset of a half-plane {{ ¢ €: Re £ 2 Y} for some real number v,

then T 1is said to.be quasi-accretive. (If Y =0, T 1is said to be accretive
and -T is dissipatizi). AS 2 consequence, T is closable. We denote the
closure of T by T.

In this lecture we first establish o tneorem that 2liows us te locate the
essential spectrum ce(T) of T by comparing FRe(Tu,u) or Im{Tu,u) with
quadratic forms associated with selfadjoint operators. Then the Re A or Im A
of X ¢ ce(T) can be compared with peints in the essential spectrum of the
selfa?joint operators.

Ve 1llustrate the resclt with certain differentinl cperators.

$-0 Lenden

Cn the asynptotics of some Velterra cquations with

locally finite necsures and larce perturbations

In this lecture we cnolyze the asymprotics of the scalar Volterra convolution

equation

(1) X4 [ gx(e=s))du(s) = £(t), te R =70,®), x(0) =x
fo,t]

o

In (1) g and f are given functions, u 1is a2 given positive definite Borel
measure on R+ and x(t) 1is the unknown sclution. 1In particular we concentrate
on the case when both u and f are large; that is p is only locally finite

and f vanishes at infinity but f ¢ LP(R+), for some p < =, does not necessarily
hold. Our analysis depends on some results on the global size of the bounded

solutions of certain limit equations

y(t) + f g(y(t-s))a(s)ds =0, teR, %
+ : :
R

associated with (1).

A C McBride

Index laws for some ordinary differential operators

A method is proposed for defining fractional powers of operators satisfying
a relationship involving thc Mellin transform. Index laws for these fractional
powers are exanined. As a special case, the theory is applied to a class of linear

ordinary differential operators on (0,®) and an indication given of a framework ;
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for these differential operators are related to well-knewn results for the gamma
function and the Gauss hypcrgeomtric function, while an apparently new formule

in the fractional calculus is unearthed en route.

P A McCoyv

Converse initial value problems for a class of heat cquations

In the classical initial value probler for the heat equation
{3, - 2 L=0% -0 Svegn =0, cl<x<a, >0
with parameters o 28 and 6 2 -1/2 or o + & > 0, "arbitrary" initial data
W(x,0) = £(x) , -1 s x<1

is specified 2nd one seeks the temperature function ¥ solving the heat equation
for which Y > f as t + 0. This parer considers the cenverse problem of
identifyiny the initial data freom the sclution. It-is shown that the solutien
exists uniquely in the space H% of 1nitial data that are hyperfunctioﬁs on

-1, +13 by constructing an iSOﬁ‘rﬁhism between H* and the space H of
temperature functions. Thus, sclutions of the heét equafion are 1dentified with
their generalized boundary values. An essential feature characterizes the
temperature 2s a series vhose terms depend on a sequence of continuous functions
satisfying a growth condition an [-1, +17. The characterization combines

function-theoretic and special function methods to extend a converse to the

Dirichlet problen for harmonic functions in the disk.

J R McLaughlin

Higher order inverse eigenvalue problems

The problem to be discussed is as follows. Suppose a mathematical model

for a vibrating system results in a selfadjoint eigenvalue problem of the form

y (1)
w(é) + (Aw(l)) + Bu=-)w = 0
4 . 4 . '
(i-1) (i-1) ) ‘
.. 0) =0 = .. 1, =1,2.
izl %; " © .izl ?14 ) @ !

Suppose A, B ‘aad possibly uij’ B;j,"i % 1{2,3,4, j=1,2, :are ungnown but
some spectral data can be obtained (possibly experimentally). Extensions of
previous work by the author will be discussed, dealing with construction of the
unknown coefficients from the spectral data and the dependence of the coefficients

on the data.




A B Mincarelli

Indefinite SturmLliouville problems

The scalar boundary problen

=¥+ q(B)y = X r(v)y (1)
cos a y(a) - sina y'(a) = 0
cos 8 y(B) + sin & y'(b) = O (2)
where 0 < a,B <7 : r,r e Cla,b) are real-valued is studied in the case when

the coefficients of (1) give rise to the non~definite or "Indefinite case', that
is, when (1-2) is neither "right" ~-r "left-definite" in current terminology.

Since, in this case, (1-2) may admit non-rcal eigenvalues, some results are
derived regarding their number and some of the qualitative pronerties of the
associated non-real eigenfunctions. Sufficient conditions for the non-existence
of non-rezl eigenvazlues are derived,

These results complement those contained in an old and somewhat forpotten
paper of Ralph Richardson (Amer. J. Msth. 40 (1918), 283-316) who pioncered the

basic research of the indefinite case.

S § A ¥oharmed

Thne ‘afinitesimal generator of a stochastic functional

differential equation

Let r >0, J=1[-r,0] and C = C(J,R") be the Banach space of all continuous
paths n : J ~» -® under the suprenun norm. On a given probability space let

{("x(t) : t 2 -r} be the solution of the stochastic FDE

d"x(0) = H(")de + 6(Nx ) aw(e) t >0
”on= n e ¢(3,8M

where H: C~>R", G:C~ L(R",R™) are bounded Lipschitz maps, {W(t) : t 2 O}

~

is mdimensional Brownian motion, and nxt € C 1is defined almost surely by
nxt(s) = Mx(e + s), s€J, t=20. Then {nxt 1t 20} is a continuoug time-
homogencr~ C-valued strong Markoy process. The space Cb of all bounded uniformly
continuous functions ¢ : C + R is weakly topologized through the bilinear pairing
Cb xM=+R, (b,n) -+ IC ¢(Mm)du(n) : where M 1is the B~space of all finite regular
Borel measures on C given the total variation norm. Let A : D(A) < Cb -+ cb be

the weak infinitesimal generator of the semi-group {Pt} on C, defined by
t20

Pt(¢)(n) = Eé(nxt), ¢ € Cb’ necC, t20, Augment the state space C by forming :
the complete direct sum C @ F» with F o= {vx{o): v e R"}, X{0}' J+ R the :
characteristic function of {0} and ||n + VX{0)||' l|n||c + vl , nec, veRrh ;
Define the canonical shift semi-group (S } on C_ be setting S_(d)(n) = ¢({H.), :

N
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t20,¢eC,necC, A(u) =n(0) for all u 20, #}J=n. Symbolize by

b
S :D(S) cC

, * C, the weak infinitesimal generator of {St}

tZO; then we have

Theoren Let ¢ € D(S) be _ C2 with Do, D2¢ bounded and Dzé Lipschitz on C.

Then ¢ € D(a). 1If {ej}?=1 is any basis for Rm, then

. : ’ m ————
. g 2
A(9) (M) = S(9) (M) + Do) (HMX(,y)* 4 PR (6m) (e5)% 03, 6(M (e x4

for all n € C. Do(n) (and D2¢(n)) are the wezkly continuous linear (btilinear,
res».) extensions of Do(n) (D2¢(n)) -to C e Fn .

? lforales

Generalization of the Hukuharz—Kneser vroperty for some

Cauchy preblems in Banach spaces

Let X be a not necessarily reflexive Bamach srace, let B be 2 closed
ball in X with center X let I =[0,al be & compact interval of the real
line, and let f : IXB -+ X. A recent result establishes that the Cauchy Problem
(CP)y x' = f£(t,x), =x(0) = X has a leoczl solution if f 1s weakly centinuocus,
strongly bounded zand B-Lipschitzian, where 6 denctes the measure of weak
noncompactness. In this lecture we presént a2 delicate cheracterization of the
solution set of (CP) refining the Hukuhara-Kneser property already known whan X

is reflexive. A discussion of further applications of our approach is alsc given.

M Nakao

On solutions to the initial-boundary problem for perturbed

porous medium equation

The existence, nonexistence and asymptotic behaviour of global solutions

are discussed for the initial-boundary value problem:

;% u - Aup+1 - u‘m1 =0 on f < (0,T)

u(x,O) "’ uPEX) ( Z 0) QI-U(x’t)'..laQ_. 0 and u 2 0,

where ! is a bounded domain in"-ﬁn; o and D are.donnegative numbers such that
(i) p>a or i) 0sp<ascs (p(n+2) + a)l(n-Z) (n23), 0sp<adom
(n=1,2),
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T Neuman

4 survey of global properties of linear differentizl

equations of the n-th order

A survey of basic facts freu the theory of glebal properties of linear
differential equations of the n-th crder will be described. Algebraic, topological
and geometrical tools, as well as the nmethods of the theery of dynamical systems
and the theory of functional equations, wmake it possibtle te deal with global
problens by contrast with the locsl investiraticns of Brioschi, Laruerre, Forsyvth,
Hzlphen, StHckel, Lie, Wilczynski ané cthers. E.g., the structure of global
transformaticns of linear differentiazl equaticns is described by algebraic means
(theory of categories - Brandt and Ehresmann croupeids), gzlobal canonical equations
are constructed using methods of differcntial geemetry (including E. Cartan's
method of meving frace).

The theory it question includes czlsc effective methods {or solviny eeveral

special problems (often very visible without necessity of lencthy calculation, e.p.,

from the area of questions concerning distribution cf zeros of sclutiens).

D Pascali

Strongly nonlinear evelutien variaticonzl incqualities
M L3

Let Q = JO,T[ x & bLe the cylinder cerresponding tc a bounded domain &
in R and a fixed T > 0. We comsider a bounded coercive operator A_ of ;
pseudo—monotone type with respect to two Banach spaces (Y,X) and a lower-order
perturbation g(t,x,u), on which no growth restriction is imposed. For an element
f e X* and a closed convex set K of X, an eristence result of a solution tc

the variational inequality..

Ju o o
(=—+4u-f,u-v) + f Fit,x,u}(u=-v) 20 ¥ veKnlL (Q
ot t 9

is established.

D Race :

Or. the essential spectrum of scme linear 2n th order

differential expressions

The differential expression

2 = DMy ™)™ e @Dy o YD ey :

is considered for vy ¢ Lz(a,w), a > -, The coefficients are permitted to be

complex-valued, making & formally J-selfadjoint. The associated minimal operator

To is J-symmetric and has J-selfadjoint extensions determined by 2. 5

R s
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To and its extensions all have the same essential (or continuous) spectrum.

Under certain assumptlons on_the coefficients, such as

f Re P, > - Dk for some 'Dk 2 0 and for all intervals J of length <1
J .
for 1 < k < n, results will be given, vhich confine the essential spectrum to &

half-plane, quadrant or half-line in the complex plane, depending on the stringency

of the conditions placed on Ig 1 <k < n.

ka
These results zlso yield conditions under which the regularity field of T

. c
is non-empty, a requirement which is essential in the development of the cperator

theory associated with &,

A G-Rarm

Basisness property and asvrptotics of spectrurm of some

nonselfadicint differential and pscude-differential operators

PEY

o

1. A linear operator A with a discrete spectrum cn & Hilbert space HB  Thas

basisness property 1if its root system forms = basis of E. We write A ¢ Rb(

the basis 1s a Riesz basis with brackets (see e.g. T1. Zcr definitions).
. (&3

Basisness property will be discussed for 1) the o

d . . . ..
A=L+M on H=1L1(D), where D c R is 2 bounded domzin with a smooth boundary

perateors of thc form

'y L is a selfadjoint elliptic operator of order il,A M 1is 2 (nonselfadjoint)
differential operator of order m < £. It will be proved that A € Rb if

£ -m2d (*). For ordinary differential operators d =1 and (*) holds for any

M such that m < £ ; ii) some pseudo-differential operators (e.g.

Af = [ exiélt_;-y ) fdy , A:H > H, H =,L?(F‘) -and 1ii) for some abstract

operators (e.g. A =0Q(I +8), where Q > 0 1is compact, An(Q) Noen ¥ s, T >0,
S is compact, |Sf| s lebe, b 2 1).

2, Suppose that A 1is a linear operator with a discrete spectrum on H, and

B=A+ T, When does B have a discrete spectrum such that An(B) e A;l(A) -1
as n+® or sn(B)s (A) +1 as n+®? This and similar questions will be
discussed., In particular the remainder €, 0 will be estimated.

3. Some open problems will be formulated.

Reference

[1] A G Ramm, Theory and applications of some new classes of intepral equationms,
Springer, N.Y. 1980.
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R Rautmann

On error estimates for non-stationary Navier-Stokes approximations

Semigroup methods lead to new error estimates completing the estimates

which have been proved in [1, 27 by energy methods.

1. Rautmann, R Eine fehlerschranke flr Galerkinapproximationen lokaler
: Navier-Stokes-LUsungern, ISNM 48, Birkh¥user Basel 1979, p 110-125.

2.

On the convergence rate of non-stationery Navier-Stokes
approximations, Springer Lecture Notes in Mathematics 771,
1680, p 425-449,

T T Read

Sectorial second order differentizl operators

We characterize the property of being bounded below feor operators defined
by symmetric expressions of the forn '

—(py' ¢ T v ory' o+ ay
on the half line {0,%), and investicate various properties of sectorial operators
for wnich this is the rezl part. Results include 2 limit-point criterion, a
generalized form of Dirichlet index, 2n explicit characterization of the domain of

the "Friedrichs extension’ cf operators defined by the differential expression or

oc . - -
compactly supported C functions, and estinmates of the numerical range of such

operators.

H R8h

Spectral mapping theorems for dissipative C -semigroup generators

0

let G : D(G) cH -+ E be a densely defined maximal dissipative operator with
compact resolvent on a2 complex separable Hilbert space. B and I(t) = éxp(Gt)

the Co—semigroup generated by G. We prove that the spectral mapping theorem
O(T(t)] = exp(c(G)ti holds if some eigenvalue conditions for G are satisfied and
if either the set {x ¢ D(G) | Re (Gx,x) = 0} has finite codimension in D(G) or
if the resolvent of G is nuclear. The results are applied to the damped wave
equation u

tt X AXXX XX

+yu, *u +Bu_ =0, t20, By20, 0<x<1, with
boundary conditions u(0,t) = ux(o,t) = uxx(l,t) = uxxx(l,t) = Q. ‘

B P Rynne

Bloch waves and multiparameter spectral theory

In a one parameter setting Bloch waves are generalized eipenfunctinns of the
periodic SchrBdinger operator and are used to investigate the spectral properties

of this operator. The generalization of the theory to a multiparameter setting is
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D A Sanchez " S

Some preliminary results on veriodic sclutions of

matrix Riccatl equations

The matrix Ricceti differential equation is the matrix analogue of the scalar
Riccati differential equation ané occurs frequently in aprplications such as filtering
theory, optimal contrel etc. While such topics as eiistence of periodic solutiocns,
number of them, and possible prriods have been extensively discussed for the scalar
equation, virtually nothing is known for the matrix equation. Seme preliminery
results for the autonooous, homogenecus matrix Riccati differentizl eguation are
given along with some examples, and further directicns o? investigation are

discussed.

v R Saxton

Solitary and travelline wzves in 2 rod

4

We consider the existence and analysis of travelling waves in 2 model
equation for longitudinel motien in 2 rod of generzl nonlinear stress constitutive -

law. An application is found for growth conditions in incompressible elasticity.

P W Schaefer

Comparison principles for some fourth order elliptic problems

Global type (u < v throughout some domain §) comparison theﬁreﬁs'aré
developed for some fourth order elliptic differential inequalities. The théorems“
are consequences of maximum principles which are dévelopeé for suitaﬁle functionals
on the solutions of the differential inequaiities. These results are useful in

approxinating the solution to some fourth order elliptic boundary value problem.

K Seitz

Investigation- in the -theory of partial differentizl

equations of infinite order

Consider the following partial differential ééuations of infinite order

L (zwy  2EEW) 3 )
n=0 k=0 ak’n k Q;F W k_ :

vhere a_,(z,w), (k,1=0,1,2,...) areanalytical in |zf <R, [w| s®R,
where R is a positive comstant. Let. $(Z,%) and Y(%,4). be analytical functions
in |2} s R, |&] 5.8, vhere ‘R :is-a positive constant, ‘

.../continued o i : Coe
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In this lecture we shall investigate the structure of the =z = ¢(2,0),

w = Y(2,%) transformations which map (1), to

§ ? ( ’w 39?(2,&) (2)
_. ‘-’ K -k - =
r.=0 k=0 k n B'ik BC'n k )
whéré %(E,G)'= F(¢(£;G)’ w(z?c))_
J K Shaw

Well-pesed boundary preobleme feor Hamiltcnian svstems of

1°=it point or linmit circle type

- I3 - --* .
A Hamiltonian system Jy' = [XA(x) + B(x)Jy , &z < x < b, singular at both

endpoints a and b, is comsidered, where A(x) and B(x) are locally integrable

.. . . . .. 0 -1 .
Hermitian 2n % 2n metrix functioms on (2,b) A(x) 20 and J= Oﬂ , In beingp
the n X n 1dentity. The system 1s assumecd to be of either limit point or limit circle

vpe a2t the endpoints. That is, the auzber ¢f linearly independent vector sclutions

(9]

-
ot
~
v
.

which are cof integrable square with respect to A(x

~

towards 2 given endpoint is
> ., R
either n or 2n. For ¥ tc be of interratle square towards bk, relative to A(x),

N -~ : .. S ..
means that fc y*(xJA() - (X)dx < o | where a < ¢ < b, and similarly for the endpoint

This paper develops & theory of bounaary rroblems for the two sinqular endpoint
systems given above. Explicit boundary conditions are given at the endpoints,
resclvent operat&fé are constructed and unique solutions are given for the problems,
thus showxng thern to be well-posed. The results given extend to Hamiltonian systems
2 thecry of sxnbular boundary problems for second order scalar equations .due to

K Kodaira. The thecry given in this paper also.encompasses the classical A-dependent P
Wronskian boundary conditions of Titchmarsh. _ . K : . i

B D Sleeman

i

An ubstract mult1par@metet spectral theogy %
. s ) i
!

4

This lecture reports on Joxnt work with P A B1nd1n" and A K¥llstrbm.

We consider the eigenvalue problem

K

A x, = ) AJB 5%y Ofx eH , i=1..k, 3

J.l R . . . .

for self-adjoint operators 4, and Bij on separable Hilbert spacas"Hi: It is ;
!

assumed that Ai and Bij are bounded with. BijA;I. compact. Various properties '
of the eigentuples Aj and x; are deduced under 2 "definiteness condition” weaker
than those used by previous authors, at least in infinite dimensions. In particular,
a Parseval relation and eigenvector expansion are derived in a suitably constructed
tensor product space.




R A Smith

Poincaré's index theorem and Bendixeon's nerative criterion -

for certain differential equations of higher dimension

Poincaré's theorem on the sum of the indices of a plapne autonomous differential
equation at its critical points inside a periodic orbit is here extended to the
periodic orbits of higher-dimensional equations under certazin conditions. These
conditions are essentially the same as thcse used .earlier to extend te higher
dimeﬁsions'ﬁhe Poincaré-Bendixson theorem on the existence of periodic orbits. Under
the same cqnditions, higher-dimensional extensions are also obtained of 2 theorem of
bendixson which excludes periodic orbits from regions in which the differential

quation has positive divergence.

E Stephan

Solution procedures for threc-dimensicnzl eddy current problems

My lecturc is based on a joint work with R C MzcCany (Carnenie-Mellon

University, Pittsburgh, USA) and considers the scatterin: of trime harmenic electro-

magnetic fields by metallic obstacles. Two idees a2re developed. The first is = i

“

boundary integral procedure for the eddy current problem. The second is an
asymptotic procedure which applies for large conductivity and reflects the skin

effect in metals.. The key to both methods is the introduction of a new interral

equation procedure for the boundary value problem corresponding to perfect

Ti

conductors. he perfect conductor problem involves solving Maxwell's equations in
the region exterior t6 the obstacle with tangential component of the electric
field zero on the obstacle surface S. Whereas all known integral equation

procedures for the perfect conductor problem lead to integral equations of seccnd

kind, our method leads to a system of first kind equations and gives a sinple
procedure for the calculation of the tangential component of the rpagnetic field
on S. This enables us to fofmulate an integral equation procedure for the
interface problem where different sets of Maxwell equations nust be solved in the
obstacle and outside while the tangential components of both electric and magdetic
fields 'are continuous across S. The equations which appear in our integréi ’
equation method involve pseudo-differential operators on S. Precise eifstehcé
and regularity results for these are obtained. The asymptotic procedure pives an
approximate solution by solving a sequence of problems analogous to the one for
perfect conductors. ‘ '

Both procedures admit of numerical iméiementﬁtion techniques like finite

elements.

‘f‘ s I" _ I . . . J
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K Soni

On uniforp asymptotic expansion: of 2 class of integral transforms

Asynptotic expansions for the intearals of the type ...
. A . |
o - K(x,2) = [ k(xt) f(t) dt , x +
. : s :

wvhich hold.uniforzly in a when either 0 S 3 < ¢ or vhen € € 2 < ® for some

xS

8§ >0, arc obtained. It is 1ssuned that

N
7=1 . - . . .
t , A >0, is locally abselutely interrable 70,®). It is

his an gl-ebraic sincularity at the
orivin and . I)
‘well “known that in peneral the asymprotic cxpansion cf XK(x,2) when a =+ 0+

a

cznnot be obtained directly from the corrcsponding expansion whern 2 is bounded

away from zero (see Erdélyi, SIAM J. iath. Anal., Vol. 5, 1974). A sinilar
situation may irise as a — < (see Vong, Quart. Appl. Math., Vol. 35, 1980).
Analvtic continuation of the incomplete Mellin inte;rzl of %k , nanely,

- - [ 3-1 .
Mik,2,81 = | k() t ét
0
. C G ified a- h tnis ~roblem and shove hovw the &if s ot :
provides a unified approach to this ;roblem and shows how the different expansions
are related.
.

Lo2-A Y Tozali

Local existence thecrems for ordinary differentinl ecquations

of fractional order’

In this papér we prove two local existence thecrems by usine both the Picard's

me thod and';he Schauder fixed-point theoren for the followina initial-value problem:

(a)

I (x) = f(x,g(x)) (almost 211 x ¢ fa,a+h]) "(A)

‘.

with
2O Dy s b T, 0<ac<l,

(o)

where (a) denotes the derivative of ovder « of a real-valued function g,
F(a) is the parmma function where a > 0, b 1is a real number and under 'suitable
conditions of the function £. We alsc prove an existence theorem cf the maximum

and the minimun solutions for the initial-value problem (A).

Tungz Chin-Chu

The study of limit-cycles for Poincaré type equations

v

ey ——
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L Turyn

Perturbations of periodic boundary condtions

. We consider perturbations of the problem (*) - x" + gx = Arx,
x(0) - x(i) =0 = x"(0) - x'(1) both by changes of the boundary conditions
and by addition of ponlinear terms. We assume that at A = AO there are two
linearly independent solutions of the unperturbed problen (*) and that 1x(-)
is bounded away from zero.

When only the bcundary conditions are perturbed either the Hill's

discriminant or the method of Liapunov-Schmidt reduces the problem fo
0= det((l - XO)A - CH} + higher-order terms, where A and H  are real
2 x 2 constant patrices. We analyse the existence of curves (X(E),E) of

eigenvalues for this problem of linear perturbation and gsive as an example a heat
0 1

o o

The method c¢f Liapunov-Schnidt is usel to anzlysce the full nonlinear problerm,

problem with H =

3

Conditicns arc given for the bifurcntica predlem to he "ceneric” zlons the lines of

Chow, Hale and Mallet-Paret.

A Vanderbauwhede

Decenerate Hopf bifurcation for nearly-Hamiltonian systems

We consider autonomous, non-conservative perturbations of Hamiltonian systems,
The unperturbed system is supposed to satisfy the conditions of the Liapunov center
theorem, and consequently has a one-parameter family of periodic orbits. We
describe sufficient conditions which ensure that under the perturbation not only the
singular point survives, but also a small nontrivial periodic orbit bifurcates from
this singular point, similar to the usual Hopf bifurcation. The approach is based

on a non-linear Liapunov-Schnidt nethod which was introduced in an earlier paper.

R Villella-Bressan

Functional equations of deiay type in L1 spaces

Consider the functional equation of delay type

(FE) MO =R, 620, X =9,

with initial data ¢ € Ll(-r, 0; X), X a real Banach space. We associate with
(FE) the operator in Ll(-r, 0; X),

a=-¢', b o= lo e ier, 0,0, 60 = F©)

3

and relate the semigroup generated by A in Ll('t, 0; X) to the semigroup
generated in C(-r, 0; X) by solutions with continuous initial data. We deduce

information on existence, regularity and asymptotic behaviour of solutions of (FE).

P . . " .;‘
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J Walter

On the foundations eof thermodynamics.

It is the aim cf this lecture to stimulate the discussion of the foundations
of classical equilibriur thermodynamics by riving 2 three~cimensicnal "graph-
theoretic'" representation of a certain set of proofs cf the Fundazmental Theorem of
this thecry to be found in the literature. Furthermcre 2 new variant of such a
proof will be sketched centering around the nction of 2 vector ficld and preocuring
a new physical interpretaticn ¢f Relvin's nction of "circulation” in & special

case.

W L Walter

Generalized Volterra prey-rredator systems

(joint work with Prof R Recheffer)

The lecture treats the stabilitzy problerm for. syvstems of ordinary differential
t . 2 2

equations of the form

[3

u. = N(u)f.(u.)[e. +
i i1 1

e~

i

(i = 1,...,n) and of the correspondins parabolic systens

aui _ 0
-_a_t'.‘ - ]‘Juiv* N(u)fi(ui) (el * JZI }‘11‘33 (UJ)) '

where L 'is an elliptic differential operator, The former system is gpeneralization

of the systenm

9. = u.(e. +
i iti

e

n..u.) , u.(0) >o0.

521 137) i

It is assumed that the motrix (pij) is stably admissitle, i.e., that (aipi.) is
negative semi-definite for some 2 > 0 and that this property is preserved by
certain perturbations. Using essential zraph-theoretic methods, three classes of
patrices are obtained, which correspond to the cases: (i) the stationary point is
unique and asymptotically stable, (ii) every staticnary point is stable, but not

asymptotically stable, (iii) there exist periodic solutions,
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On some conjectures on the deficiency index for

sytmetric differential operators

We outline recent results obtained jointly with R B Paris on asymptotic

solutions cof symmetric differential equations of form

T

q
B LT T 5T TR gy

(-1) cn  (0,®)

-

r=C

where © 2 q > O, ar (r = 0,1,...,g) and & are non-negative real numbers
and X 1s a complex number. These resuits are used to comment on two recent
conjectures by J B McLeod anc by M S P Eastham and C G M CGrudnicwicz. It is
also hoped to show how such results can provide information abnut the asymptotic

nature of the Titchmarsh-Weyl coefficient mrs(k) in the fourth-order case.

S D Wray

On a critericn for discreteness and semi-boundedness of

a second-order differential operatoer

The operator is derived from the symmetric differential expressicn

ML£] = w‘l{—(pf')' + qf} on [a,®) ,

where P, q and w are real-valued coefficients on the interval {a,») of the
real line. Conditions on p, q and w that enable one to associate with M

2 selfadjoint differential operator whese spectrum is discrete and bounded below

are given. An identity involving the Dirichlet integral associated with M 1is

also obtained. The theory makes use of 2 unitary channe of independent variable.

E M E Zayed

An inverse eigenvalue problem for the Laplace operator

First of all, suppose the eigenvalues, (X )°c

nn=1 lin An = ® gyre known

exactly for the SturmLiouville problem e

y'"(x) + Ay(x) =0 ., O0<x<a, (1)

y(O) cos a-5'(0) sina=0 , ae fo,m,
(2)

y(a) cos B-y'(a) sinB=0 , B e (O,m].

Determine the unknown length "a" of the vibrating string and the unknown angles
o and B.

. ../continued o i
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- < .
Sccondly, suppose the eipenvzlues (Ap)q_1 , lim lq = ® are known exactly
LI € San 4

n-re

for the T-veriodic problem comprising (1) and the boundary conditions ~

y(a) = y(0) exp(imt) ,
. (3)
y'(a) = y'(C) exp(iTT) ,
where T 1is a real paremeter such that -1 <71<1, {i=v-1 . Determine the

pericd "a'" and the parameter T

These »roblems have been attacked by z careful analvsis of the asvrptotic
r A - S h

o
behaviour of the trace function O(t) = exp(-knt) for small pesitive. t.

o

Brepp s e e -
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ADDITIONAL ABSTRACT

1 Ceollatz

Inclusior theorems for sincular and free boundary value prohlems

In this survey lecture we deal with applicetions of the theory of
differential equetions to the numerical methods of calculation of the solutions
of ordinary (C.D.E.) and partizl differentizl equations (P.D.E.). There are
many different methods cf computing sclutions. The most frequently used
methods are perhaps the methods of finite differcnces, finite elements and

variational methods. These mitheds give numericz! appreximate values for cthe

-3

solution, but it is for thes¢ methods usually v
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give lower and upper bounds for the sclutions (so called inclusions theorems)
which one can guarantec,and with which one can sce how many of the digits the
computed has primted out are right. This guarantee can be given in many (not
toc complicated) examples by using fixed point theorems of the functionazl
analysis, apprcximation and optimization-procedures, monotonicity properties
of the solution and momotonicity theorems for iteration procedures. This will
be i1llustrated by many examples of linear and nonlinear 0.D.E. and P.D.E. and
integral equations, the most examples coming from applications in sciences.
But in many applications there occur singularities,as for instance reeantering
corners, singularities of the coefficients a.o.; it is important to take care
of the type of singularity otherwise the numerical results would be
unsatisfactory. Also for free boundary value problems it was possible in not
too complicated problems to calculate inclusions for the free boundary one

can guarantee. A new theory deals with vector valued operators of monotonic
type which gives in simple cases inclusion theorems alsc fer derivatives cof
solutions which may be in some cases even more impertant than the values of

the solutions itself.
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tne complete direct sum C @ F , with Fn = {vx o}’ V€ R"}, X;.q: J + R the

characteristic function of {0} and ||n + vx(o}ll = ||n||c +|vl, necg,

Define the canonical shift semi-group {S },_, on C_ be setting S_($)(n) :

P




